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(Continued) 

The  Nb-Al  system  has  been  used  as  a  model  system  to  study  the  phase  trans¬ 
formation  in  metastable  alloys  by  using  the  superconductivity  of  the  A15 
phase  to  determine  the  composition  with  the  highest  Tc,  and  the  lattice 
constant  to  determine  the  average  composition.  By  depositing  Nb-Al  in  a 
phase  spread  orientation  onto  substrates  at/G°C,  the  bcc  structure  has 
been  extended  to  about  40  at  %  (well  above  the  equilibrium  9%).  Subse¬ 
quent  annealing  experiments  transformed  the  bcc  phase  to  A15.  It  was 
found  that  stoichiometric  Nb^Al  could  be  formed  in  the  A15  phase  well 
above  the  concentration  of  tne  A1  at  equilibrium  which  is  22%,  when  the 
slopes  of  the  free  energy  curves  of  the  respective  phases  are  equal.  Thus 
the  particular  shape  of  the  (free)  energy  curves  is  important  and  can 
determine  the  composition  of  the  precipitated  phase. 


Nb-Sn-Ga  alloys  were  prepared  and  studied  as  model  systems  to  investigate 
the  influence  of  third  element  additions  on  the  normal  and  superconducting 
properties  of  alloyed  Nb^Sn  phases.  In  spite  of  a  decrease  in  the  density 
of  states  at  the  Fermi  level  with  increasing  Ga  content  and  upper  critical 
field,  B  2  was  found  to  increase.  B  ~  maximized  at  1  to  1.5  at  %  Ga  for 
reactionctemperatures  at  700°C.  HigrTcritical  fields  up  to  31.5  T 
(at  T=4.2K)  have  been  achieved.  ’  .  / 


Additions  of  Nb,  Ta,  Sn,  and  Pt  to  V^Ga  were  studied  by  co-deposition  of 
the  elements  along  with  V  and  Ga.  Tne  accepted  model  of  spin-orbit 
scattering  predicts  that  substantial  increases  in  critical  field  should 
have  been  observed.  However,  no  increase  was  seen  with  any  of  the  above 
additions.  Further  work  is  need  to  rule  out  unusual  microstructural 
features  before  looking  for  a  basic  breakdown  of  the  models  of  spin-orbit 
scattering. 


New  ion  sources  have  been  developed  with-high  performance  at  low  energy 
(1-100  ev)  and  high  flux  (.2  -  1.0  ma/cnr).  The  low  energy  prevents 
damage  to  ordered  compounds  and  the  high  flux  is  desirable  to  match  the 
arrival  rate  of  evaporated  metal  atoms.  The  ion  beam  has  been  used  in 
test  runs  to  prepare  NbN  C  ,  and  in  the  hydrogen  doping  of  amorphous  Si. 
Future  potential  applications  which  have  been  identified  include: 

(a)  other  compound  syntheses  (nitrides,  carbides,  oxides  and  borides 
of  most  elements);  (b)  surface  mobility  enhancement,  including  grain  size 
control,  internal  strain  modification,  removal  of  impurities,  gases,  and 
low-temperature  growth  of  ordered  compounds;  (c)  interface  modification 
of  compounds  (ion  assisted  wetting);  (d)  metastable  high-pressure  high- 
temperature  phase  formation. 
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The  Nb-Al  system  has  been  used  as  a  model  system  to  study  the  phase  trans¬ 
formation  in  metastable  alloys  by  using  the  superconductivity  of  the  A15 
phase  to  determine  the  composition  with  the  highest  Tc,  and  the  lattice 
constant  to  determine  the  average  composition.  By  depositing  Nb-Al  in  a 
phase  spread  orientation  onto  substrates  at  0°C,  the  bcc  structure  has 
been  extended  to  about  40  at  (well  above  the  equilibrium  9  ).  Subse¬ 
quent  annealing  experiments  transformed  the  bcc  phase  to  Alb.  It  was 
found  that  stoichiometric  Nb^Al  could  be  formed  in  the  A15  phase  well 
above  the  concentration  of  the  A1  at  equilibrium  which  is  22.,  when  the 
slopes  of  the  free  energy  curves  of  the  respective  phases  are  equal.  Thus 
the  particular  shape  of  the  (free)  energy  curves  is  important  and  can 
determine  the  composition  of  the  precipitated  phase. 


Nb-Sn-Ga  alloys  were  prepared  and  studied  as  model  systems  to  investigate 
the  influence  of  third  element  additions  on  the  normal  and  superconducting 
properties  of  alloyed  Nb^Sn  phases.  In  spite  of  a  decrease  in  the  density 
of  states  at  the  Fermi  level  with  increasing  Ga  . ontent  and  upper  critical 
field,  B?  was  found  to  increase.  B  ?  maximized  at  1  to  1.5  at  Ga  for 
reactionctemperatures  at  700°C.  HigH  critical  fields  up  to  31.5  T 
(at  T=4.2K)  have  been  achieved. 


Additions  of  Nb,  Ta,  Sn,  and  Pt  to  \LGa  were  studied  by  co-deoosi tion  or 
the  elements  along  with  V  and  Ga.  Tne  accepted  model  of  spin-orbit 
scattering  predicts  that  substantial  increases  in  critical  field  should 
have  been  observed.  However,  no  increase  was  seen  with  any  of  the  above 
additions.  Further  work  is  need  to  rule  out  unusual  mi crostructural 
features  before  looking  for  a  basic  breakdown  of  the  models  of  spin-orbit 
scatteri ng . 

New  ion  sources  have  been  developed  with„high  performance  at  low  energy 
(1-100  ev)  and  high  flux  (.2  -  1.0  ma/crn  ).  The  low  energy  prevents 
damage  to  ordered  compounds  and  the  high  flux  is  desirable  to  match  the 
arrival  rate  of  evaporated  metal  atoms.  The  ion  beam  has  been  used  in 
test  runs  to  prepare  NbN  C  ,  ;  '!  'n  the  hydrogen  doping  of  amorphous  Si. 
Future  potential  applications  .•T'i  '  have  been  identified  include: 

(a)  other  compound  syntheses  (n.  des,  carbides,  oxides  anu  uurides 
of  most  elements);  (b)  surface  mobility  enhancement,  including  grain  size 
control,  internal  strain  modification,  removal  of  impurities,  gases,  and 
low-temperature  growth  of  ordered  compounds;  (c)  interface  modification 
of  compounds  (ion  assisted  wetting);  (d)  metastable  high-pressure  high- 
temperature  phase  formation. 
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PUBLICATIONS 
(1  Apr  84-30  Sep  84) 

2 

1.  "Response  to  'Comment  on  Tunneling  cc  F  ( ^ )  as  a  Function  of 
Composition  in  A15  NbGe 1 "  by  B.  R.  Sood ,  by  K.  E.  Kihlstrom 
and  T.  H.  Geballe,  Phys  Rev  B,  21_,  3082  (1983)  . 

2.  "Phase  Transformations  in  Metastable  Nb-Alloys,  by  R.  Bormann, 
D.-Y.  Yu,  R.  H.  Hammond,  A.  Marshall,  T.  II.  Geballe,  to  be 
published  in  Proceedings  of  the  5th  International  Conference 
on  Rapidly  Quenched  Metals,  Wurzburg,  FRG,  September  1984. 

3.  "Superconducting  Materials,"  by  M.  R.  Beasley  and  T.  H.  Geballe, 
Physics  Today,  pp  60-68,  October  1984 

4.  "Critical  Magnetic  Field  of  V,Ga  Thin  Films  with  Third  Element 
Additions,"  by  P.  M.  Tedrow,  J.  E.  Tkaczyk,  R.  Meservey, 

S.  J.  Bending,  and  R.  H.  Hammond.  Proceedings  of  1984  Applied 
Superconductivity  Conference,  San  Diego  to  be  published  in 
IEEE  Transactions  on  Magnetics,  1985. 


5.  "A15  Nb-Sn  Tunnel  Junction  Fabrication  and  Properties,"  by 
D.  A.  Ruaman,  F.  Heilman,  R.  H.  Hammond,  and  M.  R.  Beasley, 
J.  Appl.  Phys.  5_5,  3544  (  1984). 

6.  "Phase  Relationships  and  Superconducting  Properties  of 
Ternary  Svstems  Used  in  the  Bronze  Process,  by  R.  Bormann, 
Adv  Cryogenic  Engineering  30,  659  (1984). 


7. 


"Towards  an  Understanding  of  the  Limits  of  Superccr.ductiv 
bv  T.  H.  Geballe,  presented  at  the  Distinguished  Lecture 
Series,  N.  Mexico,  October  1983. 
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Visitors  and  Seminars 


1.  George  Mozurkewich,  Physics  Department,  UCLA 
"Charged  density  waves" 

April  5,  1984 

2.  Gerd  Bergmann,  IFF  der  KFA  dulich,  West  Germany 

"Weak  localization  in  thin  films  --  a  time-flight  experiment  with 
conduction  electrons" 

April  17,  1984 

3.  Hidetoshi  Fukuyama,  Institute  for  Solid  State  Physics,  University  of  Tokyo 
April  17,  1984 

4.  Masaki  Suenaga,  Brookhaven  National  Laboratory,  Upton,  NY 
May  16,  1984 

5.  V.  Ambegaokar,  Cornell  University  and  Institute  for  Theoretical  Physics, 

UC  Santa  Barbara 

"Microscopic  theory  of  shot  noise  in  the  Josephson  effect" 

May  17,  1 98^ 

6.  G.  Sawadsky,  University  of  Croningen,  The  Netherlands 

"Electron  spectroscopy  studies  of  the  electronic  structure  of  dilute 
transition  metal  alloys" 

May  24,  1984 

7.  H.  Poppa,  NASA,  Ames  Research  Center 

"Physics  and  chemistry  of  UHV  deposited  metal  particles  and  clusters" 

June  7,  1984 

8.  J.  E.  Kunzler,  AT&T  Bell  Laboratories 
June  25,  1984 

9.  Jean-Paul  Maneval  ,  ENS  Physique  des  Solides,  Paris,  France 
August  1984 

10.  Atsushi  Kome,  Institute  of  Materials  Science,  University  of  Tsukuba, 
Ibaraki ,  Japan 

August  1984 

11.  Will iam  McLean,  Rutgers  University 
September  -  November  1984 

12.  H.  Weinstock,  AFOSR 
September  6,  1984 

13.  R.  Flukiger,  Institute  fur  Technische  Physik,  Karlsruhe,  FRG 
September  13,  1984 
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Visitors  and  Seminars  (Continued) 

14.  David  F.  Moore,  Cambridge,  England 
September  14,  1934 

15.  Rud i  Bormann,  Universitat  Gottingen,  FRG 
September  15-30,  1984 

16.  Tord  Claesson,  Chalmers  University  of  Technology.  Gothenburg,  Sweden 
September  17-21,  1984 

17.  Alex  Braginski,  Westinghouse  Research  Laboratories ,  Pittsburgh,  PA 
September  17,  1984 

18.  Oystein  Fischer,  E.T.H.,  Switzerland 
September  18-19,  1984 
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Commi ttees 

The  National  Research  Council 

Solid  State  Science  Committee 

Ad  Hoc  Committee  for  NSF-MRL  Directors 

Member,  Editorial  Board  of  Chinese  Physics,  AIP 

Member,  Editor  for  Materials  Letters,  North-Hoi  1  and  Publishing  Company, 

The  Netherlands 

Member,  Committee  for  the  American  Physical  Society  International  Prize  for 
New  Materials 

Member,  Advisory  Board  of  the  Miller  Institute  for  Basic  Research  in  Science 

Member,  Program  Committee  for  meeting  on  "Materials  and  Mechanisms  of 
Superconductivity"  in  Ames,  Iowa,  May  29-31,  1985 


Scientific  projects  are  being  carried  out  in  close  collaboration  with  industry 

R.  M.  White,  Xerox  Corporation,  Palo  Alto,  California 
J.  Boyce,  Xerox  Corporation,  Palo  Alto,  California 

l.  H.  Wprnick,  Bel1  1  ^borator-ies  Murray  Hill.  New  Jersey 
J.  M.  Rowell,  Bell  Laboratories,  Murray  Hill,  New  Jersey 
C.  w.  Hull,  Bell  Laboratories ,  Murray  Hill,  New  Jersey 
M.  Hong,  Bell  Laboratories,  Murray  Hill,  New  Jersey 
W.  P.  Lowe,  Bell  Laboratories ,  Murray  Hill,  New  Jersey 

R.  Greene,  IBM,  San  Jose,  California 

J.  Harper,  IBM,  Yorktown  Heights,  New  York 

A.  Bragmski,  Westinghouse  Research  Laboratories,  Pittsburgh,  Pennsylvania 

A.  Green,  Naval  Research  Lab,  China  Lake,  California 
V.  Rehn,  Naval  Research  Lab,  China  Lake,  California 


New  discoveries,  inventions  or  patent  disclosures 


None 
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PUBLICATIONS 


"The  Science  cf  Useful  Superconductors  —  end  Beycnd," 
by  T.  H.  Geballe ,  IEEE  Trans.  Mag.  MAC-- 1  9  ,  (1932). 

"Phase  Stability  of  A15  Mb-Sn,"  by  F.  Heilman ,  0.  A.  Eudmar. , 
R.  H.  Hammond  and  T.  H.  Geballe,  Bull.  Am.  Phvs .  See., 

23  ,  262  (1933)  . 

"The  Effect  of  Annealing  on  Sputtered  Multilayers  of 
NbZr,"  by  ?.  R.  Broussard,  W.  ?.  Lowe  and  T.  H.  Seballe, 
Bull.  Am*.  Phys.  Soc.  ,  2_3,  293  (1983). 

"Specific  Heat  of  Thin  Film  Amorphous  Molybdenum  Based 
Alloys,"  by  0.  Maei,  W.  L.  Carter,  d.  Yoshiz  .,»i  and 
T.  H.  Geballe,  3uil.  Am.  Phys.  See.,  1_3  ,  26  3  (1  93  3). 

"Annealing  Effects  on  Superconductivity  of  Amorphous 
Vapor  Quenched  Mo.,-xGe,  (x  =  0.33)  ,  "  by  S.  Ycshizumi 
and  W.  L.  Carter , "Bui 1“?  Am.  Phvs.  See.  23,  262  (1933). 


"Tunneling  Properties  of  Zr:0,.  as  Artificial  Barriers 
i.n  Superconducting  Tunneling  Functions,  "  by  S.  Celaschi, 

R.  H.  Hammond,  T.  H.  Geballe.  W.  ?.  Lowe  and  A.  2-reer.  , 

Bull.  Am.  Phys.  Soc.  23,  422  (1932). 

"Barrier  Fabrication  and  Tunneling  into  Sputtered  Multi¬ 
layers  of  UbZr,"  bv  W.  ?.  Lowe,  S.  Celaschi  and  T.  H.  Geballe, 
Bull.  An.  Phys .  Soc.,  23,  503  (1983). 

"NbZr  Multilayers  I:  Structure  and  Superconductivity," 

VI.  ?.  Lcwe  and  T.  H.  Geballe,  submitted  to  Phys.  Rev. 

"NbZr  Multilayers  II:  Extended  X-ray  Absorption  Fine 
Structure  Study,"  by  T.  Claeson,  J.  3.  Boyce,  W.  ?.  Lowe 
and  T.  H.  Geballe,  submitted  to  Phvs.  Rev. 

"Flux-Pinning  and  Inhomogeneities  or  Lefects  in  Amorphous 
Superconducting  Mo_Ge~,  Films,"  by  Shozo  Yoshizumi, 

W.  Carter  and  T.  H?  Geballe,  to  appear  in  the  proceedings 
cf  the  5th  International  Conference  on  Liquid  and  .Amorphous 
Metals,  Los  Angeles,  (1983). 

"Tunnelinc  Procerties  of  Si.naie  Crvstal  Nb/Nb- 0 _ /?b 
-*  "  •*  -\ 

Josepnson  Junctions,"  by  S.  Celaschi,  T.  H.  Geballe, 
and  VI.  ?.  Lowe,  Appl.  Phys.  Lett.  4  3  ,  79  4  (1  93  2  )  . 
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"High  Pressure  Study  cf  Seme  ThCu., S i - -Type  Ternary  Compounds ,  " 
by  P.  H.  Hor,  X.  C.'jm,  M.  K.  We  7  TT  H*  Lin  and  C.  W.'chu,  T. 

H.  Gebaile,  G.  W.  Hull,  Jr.,  J.  H.  Wernick,  R.  L.  Mer.g  and  Z.  X. 
Zhao,  submitted  to  AIFAPI  IX,  24-29,  July  1923,  Albany,  X.  Y. 

"Superconductivity  in  Ternary  Heusler  Intermetallic  Compounds," 
b  v  J .  H .  Wernick,  G .  W .  Hull,  T .  H .  Gebaile,  J .  E .  3  e  r n a  r d i n i 
and  J.  V.  Waszczak,  Materials  Letters,  2_  90  (  1  93  2). 

"Towards  and  Understanding  of  the  Limits  of  Superconductivity," 
by  T.  H.  Gebaile  presented  at  the  Distinguished  Lecture  Series, 

New  Mexico  Institute  for  Mining,  New  Mexico,  October  20,  1933. 

"Materials:  Analogue  Answers  in  a  Digital  Age,"  by  T.  H.  Gebaile, 

submitted  to  Physica. 

"New  Possibilities  for  Niobium-Based  Josephscn  Tunneling,"  tv 
S.  Celaschi,  T.  H.  Gebaile,  and  R.  H.  Hammond,  submitted  to 
Journal  of  Aoolied  Phvsios. 


"Further  Investigations  of  Solid-Lie 
Field  Critical  Current  Density  in  L: 
Conductors,"  M.  Hcr.g ,  D.  M.  Maher,  i 


tract  ion  a.nc 


r.  -e--:r.  an,  I.  .  Geca.ie, 


J.  W.  Ekin,  and  J.  T.  Holthuis,  submitted  to  the  Atpiied  Super¬ 
conductivity  Conference,  San  Diego,  September  1934. 

"The  Effect  of  Nor.-Hydrcs  tatic  Strain  cn  the  Superconducting 
Properties  of  I.o-Situ  Formed  Cu-Nb,Sn  Filamentary  Composites," 
by  J.  3euk ,  W.  A.  Sunder,  F.  Heilman,  and  T.  H.  Gebaile,  submitted 
tc  the  Aoolied  Suoeroondoutivi tv  Conference,  San  Dieco ,  Seotember 
1984. 


"Origin  of  the  Enhancement  in  Ternary  Nb-Sn  Phases,"  bv 

R.  Bormarn,  D.  Y7~Yu,  R.  H.  Hammond,  A.  Marshall,  and  T.  H 
Gebaile,  submitted  to  the  Applied  Superconductivity  Confer'  nee, 
San  Diegc,  September  1984. 

"Thin  Film  Growth  of  Stable  A15  Compounds,"  by  F.  Heilman,  H. 
Gebaile,  3ull.  Am.  Phys .  Soc .  29,  335  (1984). 


"The  Metal-Insulator  Transition  in  Amorphous  Molybdenum-Germanium 
Alloys,"  by  S.  Yos'nizumi,  D.  Mael,  and  T.  K.  Gebaile,  submitted 
to  the  International  Conference  on  Heavy  Doping  and  the  Metal- 
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